The properties of the membranes of rat and rabbit eggs-the zona pellucida, cumulus oophorus, and in the rabbit, the so-called "albumen" layerhave been studied. By histochemical techniques, it has been shown that all the membranes contain a large proportion of polysaccharide. The zonas are shown to be neutral or weakly acidic mucoproteins, being less acidic than the matrix of the cumulus oophorus, which is composed of hyaluronic acid and protein. Protein is demonstrable histochemically only in the zonas, but ready dissolution of the "albumen" layer and the matrix of the cumulus by pure proteinases indicates that protein forms an integral part of the structure of these layers. The term "albumen" is inappropriate, as the layer so designated has the properties of a strongly acidic mucoprotein.
I. INTRODUCTION
Of prime importance in the study of fertilization of' the mammalian egg is an understanding of the membranes surrounding it -the cumulus oophorus, the zona pellucid a, and, in the rabbit, the so-called "albumen" layer.
The cumulus is a cellular layer with a rich intercellular matrix of a mucinous material. Early work on the disperson of the cumulus by proteolytic enzymes (Yamane 1930; Pincus and Enzmann 1936) indicated the presence in the matrix of peptide linkages. However, later investigators, who used streptococcal and testicular hyaluronidase, have shown that it is composed largely of the acid mucopolysaccharide known as hyaluronic acid (McClean and Rowlands 1942; Fekete and Duran-Reynals 1943) . This material has also been demonstrated as a constituent of several different tissues (e.g. the subepithelial intercellular substance, synovial fluid, and umbilical cord) and its properties are now reasonably well understood.
On the nature of the zona pellucida there is less certainty. It is generally agreed that the zona contains polysaccharide, but little is known concerning its more specific classification. The polysaccharide was demonstrated by means of the Bauer technique in the zona pellucida of several different species (Walraff and Beckert 1939; Wislocki, Bunting, and Dempsey 1947) . Its presence has been confirmed by Harter (1948) and Leblond (1950) who used the more specific periodic acid-Schiff technique. Wislocki, Bunting, and also showed that the zona of the sow egg exhibited metachromasia with toluidene blue, a reaction that demonstrates acid polysaccharides, though not completely specific for these substances.
The presence of protein as well as polysaccharide in the zona was implied by Harter (1948) in his use of the term glycoprotein, but he presented no supporting evidence. Leach (1947) who stated that the zona was a mucoprotein, based his conclusion on the results of staining with the "mucin" stain, Bismarck brown. However, the presence of protein does not appear to have been conclusively demonstrated, and the relative amounts of polysaccharide and protein, and the character of these moieties, are little understood.
The nature of the third membrane under consideration, the so-called "albumen" layer of the rabbit egg, is least well understood. This material is laid down around the zona by the tubal mucosa and may well be of importance in limiting the fertilizable life of the rabbit egg (Hammond 1934) . There appear to be no published reports on the nature or properties of this membrane.
In the present paper are described the investigations made to obtain more specific information about the three egg membranes listed above. It is hoped that the results obtained may be of use in gaining an understanding of the mechanism by which the sperm penetrates the egg.
II. MATERIALS AND METHODS
Ovulation was induced in immature rats by the technique of Rowlands (1944) , and in rabbits by the method described by Parkes (1943) . The rat eggs were recovered from the fallopian tubes by dissection (Rowlands 1942) and the rabbit eggs by flushing with normal saline. Eggs were recovered from both species less than 6 hr. after ovulation, except when rabbit eggs with a thick layer of "albumen" were required, in which case they were recovered 24-48 hr. after ovulation.
Ovaries and tubal eggs were fixed in 4 per cent. basic lead acetate in 10 per cent. formalin or in 10 per cent. formol alcohol. Minchin's albumen method (see Gatenby and Beams 1950, p. 748) was used for embedding and sectioning tubal ova. Toluidene blue and thionin staining was carried out with a 0.1 per cent. dye concentration in 1 per cent. alcohol, and the sections were differentiated for 2 min. in 96 per cent. alcohol. The Bismarck brown and periodic acid-Schiff (P.A.S.) methods employed were those described by Leach (1947) and Hotchkiss (1948) respectively.
The xanthoproteic, Millon, and diazo methods, as described by Serra ( 1946) , and the biuret reaction were used to demonstrate protein in whole, unembedded eggs fixed in a mercuric chloride-formalin mixture. The arginine reaction (after Baker 1947) was employed on sections of eggs. . The trypsin, chymotrypsin, and pepsin used were pure crystalline preparations manufactured by Armour Laboratories. The mould protease was a crystalline enzyme preparation from Aspergillus oryzae (Crewther and Lennox 1950) ." The enzymes were used at a concentration of 0.05 per cent. in 0.1M phosphate buffers. The receptor-destroying enzyme and Vibrio cholerae mucinaset (Burnet 1948) were used as solutions in acetate buffers at pH 7.
Before investigating the effect of enzymes on the unfixed zona pellucida, the eggs were freed· from the adherent cumulus by treatment with hyaluronidase, and placed in welled slides with the solution to be tested. The fluid was covered with paraffin to prevent evaporation and the preparation was incubated. The corona radiata of rabbit eggs was not removed by hyaluronidase but it could be taken off by flushing quickly with a fine pipette. The tendency for the eggs to stick to the internal surface of the pipette was overcome by rinsing the pipette with a very weak (approx. 1 : 10,000) solution of the wetting agent "Teep9l" before use.
The method of Dempsey et al. (1947) was used to assess the strength of the acid dissociation of the polysaccharides in the egg membranes. Sections were stained for 20 hr. at 30°C. with 5 X 1O-4M methylene blue made up in O.OlM citric acid plus phosphate buffers.
III. RESULTS

(a) Histochemical Findings
(i) Tubal Eggs.-When treated with toluidene blue, thionin, and safranin the matrix of the cumulus of rat and rabbit eggs and the "albumen" layer of rabbit eggs exhibited strong metachromatic reactions, which were not removed by washing with alcohol. The rabbit zona, however, showed only a weak reaction, which was readily removed by treatment with alcohol. The zona pellucida of the rat egg did not stain at all with toluidene blue and thionin but gave a weak orthochromatic reaction when stained with safranin. Both zonas stained lightly with the "mucin" stains, mucicarmine, and Bismarck brown, whereas the "albumen" layer and the cumulus stained heavily. All the membranes were 'strongly positive by the P.A.S. technique, which indicates that they contain polysaccharide. That this reaction was not due to lipid was shown by the absence of staining with Sudan black. The matrix of the cumulus showed an intense stain when treated by Hale's method, whereas the other layers showed little or none. The results obtained with eggs fixed in formol- alcohol were similar to those given by eggs fixed in formol-Iead acetate. The tests for the presence of protein or amino acids in the matrix of the cumulus and the "albumen" layer were negative. The rat zona was stained by the diazo method but gave only a slight biuret reaction and no reaction to the arginine, xanthoproteic, and Millon tests. On the other hand, the rabbit zona was stained by all these methods. These results are summarized in Table 1 . Degree of staining indicated by -to + + + = none to intense.
The zonas of both species were homogeneous in appearance after staining but the "albumen" layer seemed to have a fibrous structure. No difference was apparent between the zonas of fertilized and freshly ovulated unfertilized eggs. Incubation of the sections with streptococcal or testicular hyaluronidase prevented the appearance of the metachromasia in the matrix of the cumulus only. The matrix cementing the cumulus cells and that between the coronal cells did not differ in this respect, nor in their histochemical reactions. An early stage in the deposition of the "albumen" layer around the rabbit egg was seen as a thin, strongly metachromatic band closely applied to the zona pellucida. This metachromasia was not affected by prior incubation of the sections with hyaluronidase. Traces of this metachromatic layer were seen in denuded eggs recovered from inseminated rabbits as early as 6 hr. after ovulation, and by 8-9 hr. after ovulation the layer was well defined. The albumen layer was not seen around eggs recovered from the tubes of uninseminated rabbits until 10 hr. after ovulation. By this time most of the eggs were free from the cumulus and the coronal cells.
The strength of the acid dissociation of the polysaccharide complexes present in the egg membranes was studied by the technique introduced by Dempsey et al. (1947) (Table 2 ). The rat and rabbit zonas were' similar in their reactions, but the matrix of the cumulus had a slightly greater, and the "albumen" layer a much greater, dye-binding capacity at pH 4. The results obtained with smears of a hyaluronic acid preparation were very similar to those given by the matrix of the cumulus. Smears made from solutions of chondroitin sulphate gave similar results to that of the "albumen" layer. (ii) Ovaries.-Wislocki, Bunting, and noted that the intensity of the metachromatic reaction of the follicular fluid decreased as the size of the Graafian follicles increased. This was confirmed in the present study and a similar trend, though not so distinct, was seen in the intensity of the Hale, P.A.S., and "mucin" stains. Treatment with hyaluronidase prevented the metachromatic reaction but not the Hale or P.A.S. staining of the follicular fluid. The follicular fluid of the mature follicle reacted very weakly with toluidene blue but the matrix of the cumulus of the tubal egg, which is derived from the follicular fluid, showed an intense metachromatic stain. The reason for this difference in the degree of metachromasia of the hyaluronic acid gel before and after ovulation probably lay in the method used. All the tubal eggs used in this study were recovered from the fallopian tubes by dissection under saline. If the tube containing the eggs was fixed without dissection under saline the matrix of the cumulus exhibited only weak metachromasia. When a ripe Graafian follicle was punctured under liquid paraffin the liquor folliculi that emerged was quite fluid, but on contact with saline it became very viscous. The saline evidently induced 'contraction or polymerization of the polysaccharide mass. The former is the more likely and this suggests that the decrease in intensity of the metachromatic staining with increasing follicle size was due to an increasing dilution of the polysaccharide in the follicular fluid.
(b) The Effects of Enzymes
Fresh, unfixed eggs were used for all the tests. The zona pellucida of the rat egg was readily removed by trypsin, chymotrypsin, and a crystalline protease preparation from Aspergillus oryzae ( Crewther and Lennox 1950) , whereas the rabbit zona was only removed by trypsin (Table 3) . Pepsin could not be used on the two zonas as the hydrogen ion concentration of the buffer was sufficient in itself to cause their dissolution. The "albumen" layer was disintegrated by trypsin, chymotrypsin, and pepsin but not by the mould protease, whereas the matrix of the cumulus was dispersed by all four enzymes. Pretreatment of the membranes with thioglycollate had no effect on the rate of digestion with trypsin, thus indicating the absence of keratin-like structures (Goddard and Michaelis 1934) . The mucopolysaccharidases available, hyaluronidase, Vibrio cholerae mucinase, the receptor-destroying enzyme, and lysozyme, had no effect on the egg membranes with the exception of the depolymerization of the matrix of the cumulus by hyaluronidase. 
(c) Effect of Hydrogen Ion Concentration
The rabbit and rat zonas were readily disintegrated by acid solutions whereas the "albumen" layer of the rabbit egg was only dissolved by alkaline solutions (Table 4 ). The rat zona pellucida was removed by buffers below pH 5.5, as found by Hall (1935) , but was not removed by buffers more alkaline than pH 5.5, though O.IN sodium hydroxide caused some disintegration. The zona pellucida of the rabbit egg was removed by buffers having a pH of 3 or less and also by O.IN sodium hydroxide. On the other hand, the dissolution of the "albumen" layer was not effected by solutions as acid as O.IN hydrochloric acid, but was brought about by solutions more alkaline than pH 9. It was partly removed at pH 9.
(d) Effect of Reducing and Oxidizing Agents, Urea, and Heat
Solutions of the reducing and oxidizing reagents were buffered to bring the hydrogen ion concentration between pH 5 and 8. Fresh, unfixed eggs were left in these solutions for periods up to 18 hr. at 37°C. The zonas of rabbit and rat eggs were affected by most of the reducing agents tried (Table  5 ). The organic reducing agents, cysteine, glutathione, and ascorbic acid, produced only a partial dissolution of the rat zona, whereas the two inorganic agents used, potassium metabisulphite and sodium hydrosulphite, were more effective. All the reducing agents produced only a partial disappearance of the rabbit zona, whereas the "albumen" layer was very little affected. Of the oxidizing agents, hydrogen peroxide was outstanding; even in low concentration (0.1 vol.) it removed the three membranes. This effect was greatly enhanced by the addition of 0.002M ascorbic acid, but the ascorbic acid solution by itself had little effect. Dissolution of the rat zona was effected by O.lM potassium dichromate solution, but not by O.OlM potassium periodate. Neither of these solutions removed the rabbit zona and "albumen" layer. The rat zona was the only membrane dissolved by 2 or 4 per cent. urea. Both zonas quickly disintegrated in hot water but the "albumen" layer and the matrix of the cumulus were not affected by boiling in water for a short time. IV. DISCUSSION The specificity of the methods employed in this investigation determines in large measure the validity of the conclusions drawn. A study of the specificity of the histochemical methods employed for the demonstration of polysaccharides will be the subject of a separate communication. The following conclusions were drawn:
(i) The metachromatic reaction is not absolutely specific for acid polysaccharides but it can, if used in conjunction with other tests, furnish information as to the type of polysaccharide present.
(ii) The more acidic the polysaccharide the more intense is the metachromasia displayed. Likewise, the intensity of the staining of these compounds by "mucin" stains varies with the acidity.
(iii) If suitable precautions are taken the P.A.S. method is probably specific for substances that have adjacent glycol groups. However, not all polysaccharides react by this method, because many have these groups substituted. This is so with many of the sulphated polysaccharides.
( iv) The method devised by Hale (1946) for the demonstration of acid mucopolysaccharides is not specific for these substances. The evidence obtained by histochemical methods and treatment with proteolytic enzymes in the present investigation shows that the zonas of both rat and rabbit eggs contain protein. This fact does not appear to have been established previously. The observation that the rat zona is disintegrated by trypsin, chymotrypsin, and mould protease, whereas the rabbit zona' is removed only by trypsin, indicates that the type of protein is not the same in the two species. The two proteases, chymotrypsin and trypsin, hydrolyse different peptide bonds, chymotrypsin acting at linkages involving the carboxyl end of tyrosine and phenylalanine residues, whereas trypsin acts at linkages involving the carboxyl end of lysine or arginine residues (Bergmann and Fruton 1941) . Further evidence of the difference between the types of proteins in the zonas of the two species is afforded by the demonstration that the rabbit zona reacts to all the histochemical tests for protein used, whereas the rat zona only reacts to the diazo test. That the protein forms an integral part of the structure of the zona is indicated by the fact that proteases and other protein-denaturing agents such as urea and heat cause rapid disintegration of the membrane. Susceptibility to heat indicates weak protein linkages, whereas solution in acids, alkalis, or urea indicates the presence of electrovalent bonds (Brown 1950) .
In confirmation of earlier work (Walraff and Beckert 1939; Wislocki, Bunting, and Dempsey 1947; Harter 1948) it has been shown that the zonas contain a large proportion of polysaccharide. Judging by the staining with methylene blue in buffers with pH < 6, and the reaction with toluidene blue and the "mucin" stains, the polysaccharides present are neutral or very weakly acidic in character. The polysaccharide of the rabbit zona is probably a little more acidic than that of the rat, as it reacts weakly with toluidene blue. It is concluded, therefore, that the zonas of rat and rabbit eggs are polysaccharide protein complexes that would be classified as neutral or very weakly acidic mucoproteins according to Meyer's (194.5) terminology.
It may be profitable at this juncture to consider whether the known properties of the zona pellucida provide any clue to the means by which sperms penetrate it. Because the rat zona was removed by buffers with pH values as high as 4.5 or 5 (Hall 1935; Harter 1948 ), Harter has suggested that the acid produced in the metabolic processes of the sperm enables it to make its way through the zona. This, however, would not be possible in the rabbit as solutions as acid as pH 3 are needed to remove the zona in this species. In both species the zona is disintegrated by hydrogen peroxide, and it might be suggested that this compound, which is produced by sperms (Tosic and Walton 1946) , enables them to penetrate the zona. If such a mechanism were effective, the sperms should also be able to penetrate the "albumen" layer,as this too is removed by peroxide. However, the "albumen" layer is generally recognized to be a bar to penetration (Pincus 1930; Hammond 1934; Chang and Pincus 1951) .
The dissolution of the zona, at least in the rat, may be effected not only by an acid reaction and by hydrogen peroxide but also by other oxidizing agents and certain reducing agents. It may be suggested that any of these iactors could be involved in the mechanism that permits the sperm to traverse the zona. A theory based on such a hypothesis, however, faces the objection that penetratIon of the zona does not readily occur in vitro, and indeed, as Austin (1951) points out, it is probable that penetration in vitro has never been conclusively demonstrated. Following the suggestion by Leblond (1950) and Austin (1951) that a specific enzyme may be involved in penetration, the zona of both rat and rabbit eggs was treated with several mucinases but these were without observable effect.
There does not appear to be any basis for use of the term "albumen" to designate the material that accumulates around the rabbit zona during its passage down the tube, because it is evident from the histochemical results that the "albumen" contains little protein. There must be some, however, as the layer is disintegrated by trypsin, chymotrypsin, and pepsin, though not by mould protease, urea, or hot water. These reactions also indicate that the type of protein present is different from that in the other egg membranes. The strong metachromatic, "mucin," and P.A.S. staining shows that this layer is composed largely of acid polysaccharide. The reason for the anomalous reaction by the Hale method is obscure as the chemical basis of this reaction is unknown. The ready removal of the "albumen" layer by alkali and by ascorbic acid and hydrogen peroxide confirms the presence of mucopolysaccharides, as substances of this type are generally precipitated by acids and dissolved by alkalis (Haurowitz 1950, p. 200) and are depolymerized by ascorbic acid and hydrogen peroxide (Duran-Reynals 1942) . That the polysaccharide moiety has an acidity similar to that of chondroitin sulphate is indicated by the intensity of the staining with methylene blue in acid solutions. The histochemical reactions of the polysaccharide of the "albumen" layer differ from those of most of the acid polysaccharides that have been isolated (Braden, unpublished data). On the basis of the results presented it may be concluded that the "albumen" layer is composed of an acid mucoprotein.
As already mentioned, the "albumen" layer may well have a special significance in limiting the fertilizable life of the rabbit egg (Pincus 1930; Hammond 1934 ). Pincus reported the presence of a very thin layer of "albumen" on eggs recovered from mated rabbits about 5 hr. after ovulation. Hammond concluded from his observations that the length of the fertilizable life of the rabbit egg is about 6 hr., and believed that the deposition of the "albumen" was responsible for this restriction in time. On the other hand, Chang (1951) states that the "albumen" layer is not present until about 14 hr. after ovulation and he considers that it is not the reason for the short fertilizable life. The results reported in the present paper tend to support the findings of Pincus, although it was not possible unequivocally to demonstrate the "albumen" layer earlier than about 8 hr. after ovulation. The determination of the actual time for which the rabbit egg remains penetrable to sperm must depend upon an assessment of the time taken by the sperm to reach the site of fertilization and on this matter the available data are at present inadequate.
The conclusion of earlier workers that the matrix of the cumulus oophorus is composed mainly of hyaluronic acid has been confirmed in the present investigation. Although it is not possible to demonstrate protein in the matrix by histochemical methods, it is evidently present in small proportions as the membrane is readily disintegrated by proteases.
The present results indic.ate that there is no difference between the histochemical reactions of the matrix of the cumulus and that of the corona radiata, a layer of densely packed cells immediately surrounding the zona. Sperm suspensions in vitro quickly disperse the cells of the cumulus, but in the rabbit the corona remains around the egg. However, both layers are removed· from the egg in vivo within a short period (Pincus 1930 ). This suggests that. the filaments connecting the coronal cells to one another and to the zona in the ovarian· egg ( Fischer 1905) are still present in the freshly ovulated egg.
Examination of eggs soon after ovulation with the. phase-contrast microscope reveals many processes passing from the coronal cells and ending on the zona pellucida.
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